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Abstract 
Surface abrasion of engineering materials by blown sand bombardment is an extensive near-surface phenomenon in desert areas. 
In this study, experiments conducted in a straight-line, blow-type wind tunnel provided useful information for glass abrasion 
profiles, the intensity of abrasion with time and vertical distribution of blown sand energy. Micro-morphology of the flaws on 
abraded glass surface was observed with SEM. The micro-morphology of the surface flaws was observed as conchae, fan, 
semicircle, and petal shapes, which were generated by lateral cracks or radial cracks. Average axes length of flaws increased 
exponentially with time. The intensity of abrasion was good exponentially relation to the time. On the abrade profile, the height 
of maximum abrasion (Hmax) occurred at 15-17.5 cm above the sand surface. Under the Hmax, the abrade intensity increased 
with the height. On the contrary, abrade intensity decreased with the height above the Hmax. There was a good exponentially 
relation between the ratio of sand transport and the height. The abrasion capacity of sand particles increased power with the 
height. The curve of abrade intensity obtained in the experiments were consistent with the results of Sharp and Liu et al, but the 
Hmax was different. 
 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
Wind erosion is one of the geomorphology processes, which mainly happen in the arid and semi-arid area [1,2,3]. 
The phenomenon of abrasion was observed in the field, such as ventifacts, mushroom stone and Yardang 
respectively in different scales[4,5,6,7,8,9,10]. Except for an impact factor to the physical environment and 
geomorphology [11,12,13,14,15,16], abrasion has a major influence on the risk to man-made environments and 
facilities, such as the surface of buildings, autos and other outdoors facilities [17,18,19,20,21,22]. There have been 
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the researches on the some materials affected by wind erosion [23]. The experiments indicated some windblast 
erosion features have probably been produced in response to impact even by relatively soft and small missiles 
moving at fairly low wind velocities [24]. The experiments of abrasion have been developed both in the field and in 
the laboratory and gradually from the qualitative descriptions to the preliminary quantitative relationships between 
the rate of abrasion and the related conditions [25,26,27]. The effective kinetic energy of a projectile (sand) and the 
bond strength of the targets may be fundamental control of windblast abrasion. Suzuki & Takahashi[28] researched 
the relations between wind abrasion and wind velocity, quantity, grain-size of windblown sand particles, and the 
physical properties of target rocks by a sand-laden air-jet in the laboratory and compared the calculated results by 
their experimental equation with the Sharp’s [25] field experiments. The structure of saltating sand grain flow and 
the energy distribution of blown sand have been researched through experiments and theory[29,30], which 
contributed to explain the vertical distribution of abrasion. These studies mainly concentrate to the aspects of the 
abrasion intensity and the distribution of the energy. During the sandblasting, the strength of targets will decrease. 
Majoubi et al [31] demonstrated the strength of the glass decreased 13% in the first 30 minutes’ duration of 
sandblasting through microscopic observations. Liu et al [32] indicated that the vertical distribution of abrasion was 
affected by both abrasion capacity and the sand transport rate through the profile measurements of adobe abrasion in 
wind tunnel. 
In this study, a shifting sandy surface was simulated, and glass was tested as target material for abrasion in the 
tunnel. Through measurement of wind velocities, abrasion rates and corresponding sand transport rates, this 
experiment was intended to disclose the abrasion procession with time, the vertical profile characters, and the micro-
morphology on the glass surface. 
2. Materials and methods 
2.1. Target materials and abrader sand 
The glass material used for targets was composed of 73% SiO2, 4.5% B2O3, 5% Al2O3, 3.8% CaO, 0.5% ZnO, 
13.2% K2O+Na2O. The glass is the height of 50 cm, the width of 4 cm and the thickness of 1 cm. The abrader sand 
was collected from the checkerboard dune field of Tengger Sand Desert in Ningxia Hui Autonomous Region, China. 
The mechanical composition of the sand was 19% fine sand, 68% medium sand and 13% coarse sand. Grain size 
distributions were analyzed using dry sieving. 
2.2. Wind tunnel tests 
The test was carried out in the straight-line, blow-type field wind tunnel at the Shapotou Field Experiment Station, 
Lanzhou Institute of Desert Research, Chinese Academy of Sciences. The wind tunnel has a total length of 37 m and 
is composed of a power section (2.60 m long), expansion section (6.40 m long), stabilization section (1.50 m long, 
where drag screens and honeycombs are set to reduce large-scale eddying), compression section (2.50 m long), work 
section (21 m long) and diffusion section (3 m long). The maximum cross-sectional area at the expansion section is 
2.4 m×1.2 m. The 21-m-long working section has a cross-sectional area of 1.2 m×1.2 m. Wind speed can be 
changed continuously from 2 to 30 m s-1. Detailed descriptions of this facility and related instrumentation were 
given by Dong et al [33]. 
Before the experiment, a sand bed was placed on the tunnel floor upwind the glass in the working section. The 
sand bed was 3-cm thick and 15-m long, and served as the source for the development of aeolian sand flow. The 
thickness of the boundary layer in the working section was 60 cm according the measurement of wind speed 
gradients. In order to keep good consistency with a natural setting, the discussion about abrasion was made mainly 
in the section from the mobile sand bed to 40 cm height. Abrasion tests were conducted under the speed of 18 m s-1 
during 20 min. The sand transport was measured by a segmented sand sampler. The sampler is 500-mm tall and 
sectionalized into sixty 10 mm×20 mm openings to collect the blown sand flux at 50 heights at 10-mm intervals. 
Each opening is connected to a sand chamber that is removed after test to weigh the collected sand inside using a 
1/100 g electronic balance. The efficiency of the sand trap is 80%. 
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For researching the abrasion change, the photographs were taken at the front surface of the glass on the height of 
12.5-15 cm during the abrader time of 1, 2, 4, 8, 12, 16 and 20 min. After the 20 min abrasion, the abrader glass has 
been evenly separated to 16 segments from the sand bed to the height of 40 cm at increment 2.5 cm. We 
photographed the surface of each segment by SEM and measured the length of average axis and the area of the flaws 
that were generated by the sand flux through the image processing software.  
The quantity of material abraded ( wQ  ) on the glass surface was calculated as the tatal area of the flaws by 
blown sand bombardment. The rate of abrasion was defined as  
 
)/(SQwQa                                                                                                                                 (1) 
Where S  is the frontal impact surface area on the target.  
3. Results and discussion 
3.1. The change of abrade area with the time 
In the experiment, abrasion rates were measured by the 1s, 2s, 4s, 8s, 12s, 16s and 20s on the height of 12.5-15 
cm (Fig.1a). There is the distribution of median diameter on each period of time. The proportion of smaller patches 
is increasing gradually while the proportion of bigger patches is decreasing with the time (Fig.1b). 
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                                                          (a)                                                          (b) 
Fig. 1. (a)The photographs of the glass surface which has been abraded by sand blasting; (b)The proportion of the numbers of 
differential scales of length of long axis patches during 1 min, 2 mins, 4 mins, 8 mins, 16 mins and 20 mins. 
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The number of the patches is linear with the time (Fig. 2). 
 
 
Fig. 2. The number of the patches is linear with the time 
 
82.0,933.198805.1 2   RTN                                                                                      (2) 
Which N  is the number of the patches, T  is the time in min. 
The average lengths of long and short axes of patches increased exponentially with the time (Fig. 3).  
 
      
Fig. 3. The average lengths of long (left) and short (right) axes of patches increased exponentially with the time 
 
99.0,2793.8 22714.0   RTLb                                                                                           (3) 
97.0,5364.5 2252.0   RTSb                                                                                            (4) 
Which Lb  is the length of long axes in mP , Sb  is the length of short axes in mP . 
 
Abrade area increased exponentially with the time (Fig. 4). 
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Fig. 4. (a) average area of abraded patches with the time; (b) total area of abraded patches 
 
9403.0),1162.0(3.4647 2   RTEXPQwt                                                                   (5) 
Which Qwt  is the abrade area. 
3.2. Characteristics of the abrasion profiles 
Abrasion occurred mainly on the front surface. The original surface was abraded progressively and unevenly. 
During the test, there was no obvious structural fragmentation.  
At 18 m/s test velocity after 20 minutes, there was the abrasion profile (Fig. 5).  
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Fig. 5. Photographs of the front of the abraded glass at each height in the wind tunnel 
There are the photographs of the front surface of glass in each height and the graphs of the distribution of the 
medium diameter (Fig. 6) at 18 m/s test velocity after 20 minutes. The medium diameter is gradually increasing 
from the bottom to the height of 15-17.5 cm. Then it decreases from the height of 15-17.5 to the top of 37.5-40. That 
distribution is consistent with the variety of the abrasion rate, long and medium axes. 
 
   
 
Fig. 6. Diameter distributions of the patches on the front of abraded glass at each height in wind tunnel 
In this study, photographs of each height’ segment were taken, and the patch size parameters were determined by 
measuring the long and medium axes. There were figures of the average long and medium axes of patches in each 
height (Fig. 7). It was similar to each other. 
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Fig. 7. The vertical distributions of the rate of abrasion, length of long axes and medium axes 
It could be observed the abrasion rate maximum at the height (Hmax) 15-17.5cm. Under the Hmax, abrade area 
increased with the height. On the contrary, abrade area decreased with the height over the Hmax. 
3.2.1. Wind velocities on the each height 
In the experiment, wind velocities were measured by the standard Pitot tubes at 0.2cm, 0.5cm, 1cm, 3cm, 6cm, 
12cm and 20cm above the floor (Fig. 8).  
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Fig. 8. Relationship between wind velocity and height 
 
94.0),5618.0(0008.0 2   RHEXPV                                                                                    (6) 
Where V  is the wind velocity in m/s, H  is the height above the sand bed in centimeter. 
There is a good logarithmical relationship between wind velocity and height. 
3.2.2. The rate of sand transport on the different height 
The rate of sand transport, which is defined as the amount of sand passing through a unit area in unit time, was 
also measured by a sand trap measurement in each height. There was a good exponentially relation between the ratio 
of sand transport and the height (Fig. 9). 
 
 
Fig. 9. The distribution of sand transport rate with height 
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Which Qs  is the rate of sand transport. 
3.2.3. Abrasion capacity of sand particles on glass 
Aeolian abrasion of the target material was caused by impacts of saltating sand particles. In this experiment, the 
observations of the abrasion capacity of the sand particles on glass at different saltation heights. The abrasion 
capacity of sand particles can be expressed by the amount of abrasion per unit impacting sand (i.e. the ratio of 
abrasion to the rate of sand transport ) expressed as 
 
QsQa / K                                                                                                                                    (8) 
where Ș is a indicator of abrasion capacity as cm2/g. Using that we calculated profiles of abrasion capacity of 
Aeolian sand on glass. 
It could be established the relation between the abrasion capacity and the height (Fig. 10). 
 
 
Fig. 10. Relationship between sand abrasion capacity and height 
 
96.0,393 23803.1   RHK                                                                                                       (9) 
And we find that there are a good relation between average abrasion capacity and the velocity on the vertical 
profile.    
 
93.0,7.2366*05.15 23   RHVK                                                                               (10) 
3.3. Micro-configuration on the surface of glass 
Glass is a brittle material. Sand blown by wind, which has the kinetic energy, bouncing the glass would change 
the configuration of glass. The study on the micro-configuration was a little. In this experiment, the surface of glass 
was photographed. It can be divided to three hierarchies.  There were some typical micro-configurations in different 
zooms. When it was magnified 60 times, there was distributed by many a small fragments. When it magnified from 
400 to 1000 times, there were the configuration of conchae (zoomed in 400 times), fan (zoomed in 500 times), half 
circular (zoomed in 1000 times), and petal (zoomed in 1000 times). When it magnified 10000 times, there were 
clearer micro-configuration (Fig. 11). 
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Fig. 11. Micrographs of the eroded surfaces by the sand particle impacts showing different morphology (a,h60; b,h400; c, h
500; d, h1000; e, h1000; f, h10000) 
4. Conclusions 
Glass abrasion as engineering materials in the building appears in the dryland. On the test, the intensity of 
abrasion on glass exponentially increased with the time on the constant wind velocity. The size of patches is 
gradually smaller. On the abrasion profiles the maximum abrasion height happened on the 15-17.5 cm above the 
sand bed. Wind velocity exponentially increased on the profile, while the rate of sand transport exponentially 
decreased. The abrasion capacity exponentially increased with the height, and it was linear relation with the height 
and the tri-cube of the wind velocity. Through the observation of the glass surface on the 3 scales, there were 3 
kinds of micro-configurations. Especially on the zoom out from 400 to 1000 times, we can see the typical 
configuration of the conchae, the fan, the half circular and the petal. Concerning the micro-configuration, it should 
be observed further in the aspects of characters of fragments. 
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